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In budding yeast, the supply of external nutrients controls both
sporulation and spore number. A new study has investigated how an
external signal can be propagated internally to digitize an output of the
number of spores formed.Soni Lacefield and 
Nicholas Ingolia
The ability to respond to signals in
the environment is important for
cell survival. Cells must be able to
recognize these signals and react
with internal alterations. One of
the most drastic changes made in
response to an environmental cue
is the differentiation of a cell. An
example of this is the sporulation
program of the budding yeast
Saccharomyces cerevisiae. When
nutrients are abundant, yeast cells
propagate through mitotic
divisions. Under conditions of
deprivation of nitrogen and a
fermentable carbon source, a
diploid yeast cell undergoes
sporulation, a differentiation
process that switches to a meiotic
cell cycle where the haploid
products of meiosis are each
encapsulated into a spore [1].
Interestingly, spore number can
be adjusted according to the
amount of nonfermentable carbon
source available, ranging from
zero to four encapsulated haploidnuclei [2]. Spores are then able to
tolerate harsh conditions and
germinate when in a more
favorable situation.
In a recent study, Taxis et al. [3]
explored how spore number is
controlled by cues from the
external environment — how a
graded stimulus (amount of
nutrient present) can result in an
irreversible cell-fate decision of
the number of spores formed.
They found that nutrient
availability influenced the levels of
proteins needed to start spore
formation. Experiments and
computer simulations showed
how graded changes in the levels
of these proteins were translated
into a discrete decision, the
number of spores to form, through
a self-organizing system. Their
experiments support the intriguing
hypothesis that spore number is
controlled to produce the
maximum number of spores able
to mate with one another if
needed.
Spore number can be
controlled in the initial steps ofspore formation [1]. At the second
meiotic division, spore formation
begins with an alteration of the
spindle pole body (SPB), the
yeast equivalent of the
microtubule organizing center
(Figure 1). The outer plaque of the
SPB acquires sporulation-specific
proteins to form a structure
known as the meiotic plaque,
which acts as a scaffold. Vesicles
attach to the meiotic plaque and
ultimately form a prospore
membrane that encompasses the
haploid nucleus. Taxis et al. [3]
show that the regulation of spore
number is based on the amount
of protein available to form the
meiotic plaque, which in turn is
regulated by the amount of
nutrients in the external
environment. The normal
production of three essential
components of the meiotic
plaque leads to more asci
containing four spores, or tetrads.
But, if the levels of the
components are lowered by
decreasing the amount of the
nonfermentable carbon source or
by altering protein expression,
more two spore asci or dyads are
formed.
The assembly of the meiotic
plaques seems to be an ordered
process: meiotic plaque formation
starts on the younger SPBs, those
produced by duplication of the
older SPBs during the second
meiotic cycle [3,4] (Figure 1). If
two meiotic plaques are built, as
is the case for a dyad, then 96%
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R126Figure 1. Model for spore number control in S. cerevisiae.
Under starvation conditions, cells begin the sporulation process and undergo both meiotic divisions. After meiosis II, meiotic plaques
assemble on new SPBs (orange) through a positive feedback pathway that ensures that new SPBs assemble meiotic plaques before
assembling on old SPBs (green). In the case of dyad formation, meiotic plaque components are limiting (light blue), and only assem-
ble on two SPBs resulting in the encapsulation of only two of the four products of meiosis into spores. When high levels of meiotic
plaque components are present (blue), all four haploid nuclei are encapsulated into spores resulting in a tetrad.
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Current Biologyof the time, the two younger SPBs
are chosen for the assembly.
Thus, the selection of the SPB for
meiotic plaque formation is
preferentially distributed to new
SPBs, hinting that there is
communication within the cell to
ensure that the newer SPBs have
assembled a meiotic plaque
before beginning the assembly of
the meiotic plaques on the older
SPBs. The nonrandom distribution
of meiotic plaque components
suggests a model for the best use
of resources. If conditions are
such that only enough
components are available to make
two spores, all of the components
should be invested in making
those two spores; splitting the
resources among four would
result in no functional spores.
A graded input of the increasing
amounts of meiotic plaque
components is translated into a
discrete output, the number of
spores formed in that cell. A
simulation of the sporulation
profile suggests that positive
feedback in the recruitment of
meiotic plaque components could
mediate communication between
SPBs and is sufficient to digitize a
graded signal [3]. Positive
feedback at a single SPB ensures
that its activity is bistable: a given
SPB is either active or inactive for
spore formation, with no
possibility of partial activity.
Furthermore, it ensures that once
an SPB has started recruiting
meiotic plaque components, it will
continue to do so until it is
saturated, titrating awaycomponents from other SPBs.
When levels of meiotic plaque
components are low, the first
SPBs to activate will acquire all
available proteins, leaving none to
initiate meiotic plaque formation
on the other SPBs.
Thus, the positive feedback also
plays a role in communication
between SPBs to provide spore
number control. It is a self-
organizing system ensuring that
limiting meiotic plaque
components are distributed so as
to give full occupancy to fewer
SPBs rather than partial
occupancy to all of them. This
system also provides a
mechanism for the preference for
younger SPBs in limited spore
number. They begin recruiting
meiotic plaque components
earlier, giving them an advantage
in the competition for a limited
pool of protein.
The preferential building of
meiotic plaques on new SPBs also
ensures that, in the case of dyad
formation, chromosomes with
centromere regions from
homologous chromosomes rather
than sister chromatids will be
packaged into the two spores
[2,4,5]. Indeed, 96% of the dyads
are not sisters and are able to
mate with one another due to the
centromere proximal position of
the mating type locus [3]. Low
recombination frequencies near
the centromere [6] ensure that
most non-sister dyads will be
opposite mating types, leaving the
potential to mate with one another
upon germination. This leads to theintriguing hypothesis that perhaps
spore number is controlled to
maximize the number of spores
that can mate with one another [3].
When only limited nutrients are
available for spore formation, it
may be better to create two spores
that can mate and return to the
diploid lifestyle than to create two
spores that cannot mate.
Although intra-ascus matings
are not as evolutionarily desirable
as mating with an unrelated
partner due to inbreeding, there
can be an advantage. Strains with
a recessive lethal mutation cannot
propagate as a haploid but can as
a heterozygous diploid. Since
cells can mate within the ascus
before mitotic divisions, these
mutant cells may be able to
survive [3]. Supporting this model
is the finding of an enrichment of
essential genes in regions near
the centromere. The proximity to
the centromere allows a greater
chance of heterozygosity at
essential loci through intra-ascus
matings of non-sister spores.
In summary, this new study
from the Knop lab [3] supports
the model of a self-organizing
system within the cell to form the
maximal number of spores that
can mate with one another in
response to a limitation of
nutrients in the environment
(Figure 1). Spore formation
begins with meiotic plaque
components adhering to the new
SPBs. This produces a positive
feedback in that the initiation of
building a meiotic plaque favors
recruitment of more components.
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R127Once that site is saturated,
construction begins at the site of
the old SPBs and this results in
the formation of four spores. With
low levels of nutrients, meiotic
plaque components are limited
and only two meiotic plaques are
built, resulting in a dyad.
Initiation of assembly of meiotic
plaques on new SPBs ensures
that dyads are non-sisters and
can mate with one another if
needed.Purvis Bedenbaugh
Music and speech are perceived
through the auditory modality, and
are comprehended as sequences
of identifiable sounds. Sequences
are characterized more by
contrast between elements, and
by sequential order, than by their
fine acoustic details (Figure 1A).
Different meanings are obtained
from the same basic elements
depending upon the order in which
they are experienced, in accord
with hierarchical rules of
combination and recombination
(Figure 1B). Much of motor
planning, such as planning for
music and speech production, can
also be characterized as planning
a sequence of gestures aimed at
spatial and temporal targets.
Speech models often ascribe a
primary acoustic analysis function
to the auditory cortex. This
analysis must support progressive
generalization and association [1].
Sound arrives at the ears as a
continuous wave, however, without
obvious tags to differentiate the
basic elements of sound as a
sequence. The ascending auditory
system must provide the interface
between the external world of
continuous sound, and the internal
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Figure 1.
(A) The interpretation of
speech sounds is highly
sensitive to serial order,
but less sensitive to how
the sounds are pro-
nounced. Changing the
order of phonemes in two-
syllable words drastically
alters their interpretation.
Changing how phonemes
are pronounced, for
example, at faster or
slower rates, by different
speakers, or with different
emphasis, matters less.
(B) Speech and language
models typically ascribe a
basic auditory analysis
function to auditory cortex.
This analysis must bind
acoustic cues from limited
time periods, so that they
can be mapped to categor-
ical representations, which
are processed as symbols
by the language faculty.
The mapping is compli-
cated by context-depen-
dencies in the acoustic
realization of phonemes.
(Figure modified with per-
mission from [1].) Gener
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station in the auditory pathway, are
far from clear. Most studies of
auditory processing build upon the
idea that the auditory system is like
a spectrum analyzer, or like
multiple parallel spectrum
analyzers with different spectral
and temporal integration functions.
Within this framework, estimates
of the time-course of auditory
integration are shortest at the
periphery, and progressively
longer at more central stations [2].
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